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(54) Mechanical fiber optic switch 

(57) A switch[1 00, 200 : 300] tor selectively coupling 
light from an input optical fiber[106, 201,301] to a se- 
lected one of a plurality of output optical fibers[108-110, 
203-206, 303-310]. The switch[100, 200, 300] includes 
a first carriage[21 2, 31 2]having one end of the input op- 
tical fiber attached thereto and a second carriage [211 , 
311]having the output optical fibers[108-110, 203-206, 
303-31 0] attached thereto such that one end of each of 
the output optical fiber lies between first and second dis- 
tances with respect to the end of the input optical fiber 
[106, 201 , 301] when the output optical fiber is aligned 
with the input optical fiber[106, 201, 301]. A lens[134, 
1 32] that is fixed with respect to the end of the input op- 
tical fiber[106, 201, 301] images light leaving the input 
optical fibert106, 201, 301] onto a plane lying between 
the first and second distances from the end of the input 
optical fiber[106, 201, 301]. In one embodiment of the 
present invention, an encoder is integrated into the first 
and second carriages. The encoder includes an encod- 
ing input optical fiber[202, 302] having one end attached 
to the first carriage[212, 312], the encoding input optical 
fiber[202, 302] being a single mode optical fiber. Light 
leaving the encoder is received by a second single mode 
optical fiber wh nth carriages ar in a specified rela- 
tionship to one another. The second single mode optical 
fiber can either be a fiber on the second carriage[211, 
31 1 ]or encoding input optical fiber[202, 302] itself. In the 
later case, th second carriage[211 , 311 ]includes a re- 
flector which images the light from the encoding input 
optical fiber[202, 302] back into the encoding input op- 
tical fiber[202, 302]. 
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D script ion 

The present invention relates to fiber optics, and 
more particularly, to switches for routing light from one 
fiber to one of a plurality of fibers. 

To realize the potential of fiber optic transmission of 
light signals, some form of switching system must be 
provided for moving light signals from one fiber to an- 
other. In principle, mechanical switches have a number 
of advantages over other forms of optical switches for 
those applications in which switching speed is not im- 
portant. Mechanical switches offer low insertion losses, 
a high degree of immunity against backscatteringof light 
from the switch back down the input fiber, low cross-talk, 
and insensitivity to the wavelength of the light being 
switched. 

Prior art mechanical switches, however, have been 
too costly to achieve full market acceptance. Such 
switches operate by moving an input fiber relative to a 
plurality of output fibers. The simplest schemes utilize a 
"butt-coupling" scheme in which the input fiber is aligned 
with one of a plurality of output fibers using a motor. The 
output fibers are usually fixed to a carrier and have ends 
cut at an angle to prevent reflections from the ends gen- 
erating reflections that propagate back down the input 
fiber. The angle is typically 6 to 10 degrees. 

To provide acceptable insertion losses, the ends of 
the fibers in a butt-coupled switch need to be separated 
by no more than 20u.m. This tolerance is difficult to 
achieve in switches having a large number of output fib- 
ers. Hence, butt-coupling schemes, while appearing 
simple, are in reality difficult to implement in large fanout 
switches. 

If two lenses are introduced between the input fiber 
and the output fiber, the required tolerance is reduced. 
In such an arrangement, the light leaving the input fiber 
is expanded into a collimated beam which is then re- 
imaged into the output fiber. The beam is expanded suf- 
ficiently to reduce the alignment tolerance in all direc- 
tions. Unfortunately, the cost associated with the lenses 
and the alignment of the lenses and the fibers is prohib- 
itive. 

Broadly, it is the object of the present invention to 
provide an improved fiber optic switch. 

It is a further object of the present invention to pro- 
vide a fiber optic switch with reduced alignment toler- 
ances relative to conventional butt -coupled switches. 

It is a still further object of the present invention to 
provide a fiber optic switch having fewer lenses than 
conventional switches using beam collimators. 

The present invention accordingly provides a switch 
for selectively coupling light from an input optical fiber 
to a selected one of a plurality of output optical fibers. 
The switch includes a first carriage having one end of 
the input optical fiber attached thereto and a second car- 
riage having the output optical fibers attached thereto 
such that one end of each of the output optical fiber lies 
between first and second distances with respect to the 



end of the input optical fiber when the output optical fiber 
is aligned with the input optical fiber. A lens that is fixed 
with respect to the end of the input optical fiber images 
light leaving the input optical fiber onto a plane lying be- 
s tween the first and second distances from the end of the 
input optical fiber. In one embodiment of the present in- 
vention, an encoder for detecting alignment is integrated 
into the first and second carriages. The encoder in- 
cludes an encoding input optical fiber having one end 
io attached to the first carriage, the encoding input optical 
fiber being preferably a single mode optical fiber. Light 
leaving the encoder is received by a second single mode 
optical fiber when the carriages are in a specified rela- 
tionship to one another. The second single mode optical 
'5 fiber can either be a fiber on the second carriage or the 
encoding input optical fiber itself. In the later case, the 
second carriage includes a reflector which images the 
light from the encoding input optical fiber back into the 
encoding input optical fiber. The invention may also be 
20 seen in the encoder device itself. 

The present invention will become apparent to 
those skilled in the art from the following detailed de- 
scription of exemplary embodiments of the invention il- 
lustrated in the accompanying drawings, in which: 
25 Figure 1 is a top view of a prior art butt-coupled 
switch. 

Figure 2 is a top view of a prior art collimated switch. 
Figure 3 is a top view of a fiber switch 30 according 
to the present invention. 

30 Figures 4, 5, and 6 illustrate a switch according to 
the present invention which includes the preferred align- 
ment and passivating systems. 

Figure 7 is a top view of a switch utilizing an encod- 
ing system according to the present invention. 

55 Figure 8 is a top view of a switch utilizing a second 
embodiment of an encoding system according to the 
present invention. 

The present invention may be more easily under- 
stood by first examining the manner in which conven- 

40 tional butt-coupled and lens collimated switches are 
made. Refer now to Figure 1 which is a top view of a 
butt-coupled switch 10. In general, the input fiber 12 is 
attached to a carrier that allows input fiber to move with 
respect to the output fibers 1 3-1 7 in the directions shown 

*s by the arrows at 1 9. The ends of the input fiber and out- 
put fibers are cut at an angle, polished, and then coated 
with an anti-reflecting coating to prevent reflections from 
the end of the input fiber or the end of the abutted output 
fiber from propagating back down the input fiber. The 

^o precision with which this cutting and polishing operation 
is performed, in general, determines the tolerance that 
can be maintained. In general, the output fibers will be 
staggered by varying amounts. 

Since the input fiber must be able to pass each of 
55 the fibers as it moves back and forth, a gap 18 must be 
maintained between the fibers. In principle, the gap is 
determined by the closest and farthest output fiber ends, 
fibers 13 and 15 shown in Figure 1 . If the input fiber end 
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is placed any closer to the output fiber rtds, the input 
fiber end will not b able to pass fiber 1 3. If it is placed 
any further away, the distance to all the output fiber 
ends, and hence the insertion loss, is increased. In prac- 
tice, the gap is larger than desirable when the ends of 
the fibers are cut and polished as described above. 
While the gap can be reduced with high precision ma- 
chining techniques, the cost of these techniques makes 
this approach unattractive. 

The above analysis assumes that the carriage 
mechanism on which input fiber 12 is mounted and 
which is used to align input fiber 1 2 with the various out- 
put fibers moves exactly parallel to the support on 
which the output fibers are attached. If this is not the 
case : gap 18 must be made even larger to accommo- 
date such imperfections. 

In an effort to reduce the insertion loss problems 
and high degree of alignment tolerances required in 
butt-coupled schemes, prior art systems based on col- 
limating lenses have been utilized. Refer now to Figure 
2 which is a top view of prior art light switch 20 which 
utilizes this approach to couple light from an input fiber 
21 to one of plurality of output fibers shown at 22-24. 
The light leaving input fiber 21 is collimated by a lens 25 
into a parallel beam of light which is re-imaged to a point 
by a corresponding lens on the output fiber which is cur- 
rently aligned to the input fiber. Since the diameter of 
the lenses, and hence the collimated beam, are large 
compared to the core of the fiber, small alignment errors 
transverse to the direction of motion of the input fiber 
have only a small effect on the insertion efficiency. To 
first order, the efficiency is unaffected by changes in the 
distances between the two lenses; hence, the insertion 
losses that hamper butt-coupled systems are substan- 
tially reduced. 

The improved tolerance to alignment errors and dis- 
tances between the ends of the fibers, however, is 
achieved at a high cost. Each output fiber must be 
equipped with a lens. The cost of the lenses is a sub- 
stantial fraction of the cost of a switch such as switch 
20. In addition, the alignment tolerance of the lens rel- 
ative to the corresponding fiber is as stringent as the 
tolerances required in butt-coupled systems. Hence, the 
cost of constructing a collimating lens switch is also a 
substantial fraction of the switch cost. Finally, the lenses 
must be large compared to the diameter of the fiber to 
provide the protection from alignment errors described 
above. Hence, the packing of the output fibers is sub- 
stantially reduced in collimator based switch designs 
since the individual fibers must be physically spaced 
apart to make room for the lenses. 

The present invention provides its advantages over 
the butt-coupled and collimator designs described 
above by utilizing a single lens on the input fiber to image 
the light from the input fiber into the corresponding out- 
put fib r. Refer now to Figure 3 which is a top view of a 
fiber switch 30 according to the pr s nt inv ntion. Light 
from input fib r 31 is imaged by lens 32 onto the output 



fiber currently across from input fiber 31 . Exemplary out- 
put fibers are shown at 33-37. Lens 32 images the end 
of input fiber 31 at a point preferably in the middle of gap 
38. Hence, switch 30 may be viewed as being a butt- 
s coupled switch in which the image of the input fiber is 
"butt-coupled" to the output fibers. Since the image can 
pass through the ends of any fibers that extend beyond 
the mid-point of the gap, the image may be placed at its 
optimum location, i.e., the mid-point of the gap. As a re- 
sult, the input fiber has an effective separation from the 
corresponding output fiber which is at most D/2, where 
D is the width of the gap, i.e., the distance between the 
closest and farthest output fiber ends with respect to the 
plane containing the input fiber end. As noted above, 
conventional butt-coupled systems must accommodate 
a distance of D. Hence, the present invention requires 
afactor of two lower precision in aligning the output fiber 
ends. 

The added spacing provided by the inclusion of lens 
32 also contributes to a significant reduction in the cost 
of providing the anti-reflecting coating needed to pre- 
vent light from being reflected back down the input fiber. 
As noted above, the ends of each fiber must be treated 
to avoid reflections generated at the glass-air interface 
from propagating back down the fiber. This treatment 
typically consists of cutting the end at an angle, polishing 
the end, and then coating the end with an anti-reflective 
coating. If a number of fibers must be positioned relative 
to one another, each end must be cut, polished, and 
coated. 

Now refer to Figures 4, 5, and 6 which illustrate a 
switch according to the present invention which includes 
the preferred alignment and passivating systems. The 
required alignment tolerance is provided by a pedestal 
102 which includes slots 104 that are positioned such 
that fibers that are forced against the bottom of each slot 
will be properly aligned with respect to one another. Ex- 
emplary output fibers are shown at 108-110. The input 
fiber is shown at 106. The fibers are forced against slots 
40 104 by top plate 112 which is preferably cemented to 
pedestal 102. The manner in. which pedestal 1 02 is con- 
structed will be discussed in more detail below. The im- 
aging lens 135 is likewise located in a slot provided in 
pedestal 102. 

45 Refer now to Figure 6 which illustrates the manner 
in which the ends of the optical fibers are treated to pre- 
vent light from reflecting back down the fibers at the 
glass-air interfaces. After the fibers have been secured 
against the bottom pedestal by the top plate, each fiber 

so is cut at the desired angle by making a saw cut through 
the top plate 112. The cut extends into pedestal 102 as 
shown at 1 31 and 1 32. The saw cut severs each fiber 
at the correct angle. It should be noted that a single saw 
cut severs multiple fibers. In contrast to prior art sys- 

55 terns, the ends of the optical fibers are not polished after 
the saw cut. Instead, a plate 1 46 is cemented to th fiber 
ends with the aid of a layer 145 of transparent cement. 
The index of refraction of the cem nt is chosen to match 
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the index of the core of refraction of the fiber in the case 
of a single mode fiber. Plate 146 is constructed from a 
material that has the same index of refraction as the ce- 
ment layer. Hence, any scratches on the side of plate 
146 that are in contact with the cement layer or on the 
cut fiber end are eliminated by the layer of cement. The 
surface 147 of plate 146 that is not in contact with the 
cement layer is preferably coated with an anti -reflective 
material to further reduce reflections. 

It should be noted that plate 146 is an inexpensive 
component that need only have one optically flat sur- 
face, i.e., surface 147. Hence, apparatus 100 can be 
constructed at a cost that is substantially less than the 
cost of systems in which the fiber ends are polished and 
coated with the anti-reflective material. It has been 
found experimentally, that the anti-reflection system of 
the present invention functions as well as the conven- 
tional cut and polished end system. Thus, the present 
invention provides the benefits of the prior art systems 
at a substantially reduced cost. 

It should also be noted that this inexpensive passi- 
vation system is not possible in butt-coupled systems, 
because there is insufficient space between the fibers 
to place the optical flat and glue layer. Hence, the use 
of the imaging lens provides a second advantage to a 
switch according to the present invention. 

Pedestal 102 may be fabricated using conventional 
photo-lithography techniques. Such techniques provide 
the required alignment precision and are easily mass 
produced. Techniques for providing V-groves in Silicon 
or Ceramics are well known to the micro-machining arts. 
For example, in the case of a silicon substrate, a KOH 
etchant may be used. KOH provides a non-isotropic 
etch in which the etch rate of the (111) plane is so low 
that the etch process is practically stopped at the (111) 
planes. Hence, an etch mask oriented toward the (110) 
direction on a (1 00) silicon wafer will result in a V-groove 
formed by two (111) planes intercepting each other at a 
precise angle of 70.53°. The depth of the V-groove is 
solely determined by the width of the mask opening. 
Hence, two-dimensional lithography may be used to 
create a precise three-dimensional V-groove structure. 

After the fibers are positioned in pedestal 1 02, a sin- 
gle saw cut shown at 1 60 is introduced into pedestal 1 60 
to separate it into two sections that can be moved rela- 
tive to one another under the control of a motor or other 
actuator. 

The above described embodiments of the present 
invention utilized an actuator to move the input fiber rel- 
ative to the output fiber, thereby accomplishing the 
switching action. In switches with a large number of out- 
put fibers, the precision required to position the fibers 
becomes a problem. Problems of backlash in gears and 
fractional positioning accuracies limit the ability of inex- 
pensive motors to position the fibers without some form 
of encoding system to provide feedback as to the actual 
location of th input fiber relative to the output fibers. In 
this r gard, it should be noted that the fib rs must be 



position d to an accuracy of typically 2 u,m, since the 
cores of the corresponding fibers must be aligned. This 
is a small fraction of the fiber diameter. Hence, any en- 
coding system must provide this level of accuracy with- 
5 out substantially increasing the cost of the switch. 

A switch according to the present invention makes 
use of the inherent alignment accuracy in the pedestals 
described above to provide an encoder that may be 
used to determine the position of the input fiber relative 
to the output fibers. Refer now to Figure 7 which is a top 
view of a fiber switch 200 which utilizes an encoder ac- 
cording to the present invention. Switch 200 may be 
viewed as a switch in which the output fibers 203-207 
are divided into two groups. The first group 203-206 is 
*5 used to output the signal and is analogous to the output 
fibers discussed above. The second group 207-21 0 are 
used to detect the location of platform 212 relative to 
platform 211 and to provide feedback to actuator 230 
which provides the relative motion between platforms 
zo 211 and 212. The encoder fibers are illuminated by an 
LED light source through an encoding input fiber 202 
which is rigidly positioned with respect to signal input 
fiber 201. This assures that the encoding fibers will be 
illuminated even when a signal is not present in the sig- 
25 nal input fiber. The encoding fibers are preferably con- 
structed from the same optical fibers used to form the 
signal fibers. Hence, the encoder will provide a signal 
only when the alignment is correct to within a tolerance 
of the order of the core of the optical fiber. Therefore, 
30 the encoder will have the required accuracy provided 
the optical fibers can be aligned with sufficient accuracy. 
As noted above, the platform construction technique de- 
scribed above provides that accuracy. Thus, an encoder 
according to the present invention can provide the re- 
35 quired positioning accuracy at the expense of including 
some additional optical fibers. 

Since the encoder utilizes single mode optical fibers 
it can provide the same level of alignment accuracy as 
that required to align single mode optical fibers. Thus, 
40 alignment tolerances of a few microns can be achieved. 
The above described encoding system utilized one 
encoding fiber for each signal output fiber; however, it 
will be apparent to those skilled in the art that fewer en- 
coding fibers may be utilized and still provide the re- 
45 quired encoding function. In principle, encoding fibers 
only need be located at enough positions in the output 
fiber array to provide actuator 230 with sufficient fiduci- 
ary points to compute its current location. Each time an 
encoding fiber is passed, actuator 230 can update its 
50 position and proceed on "dead reckoning" from that 
point until it reaches the next encoding fiber. Hence, the 
actual number of encoding fibers needs only be a small 
fraction of the total number of output fibers. 

It should also be noted that the encoding scheme 
55 taught in Figure 7 will function with any switch scheme. 
That is, the needing scheme according to the present 
invention may also be utilized with butt-coupled and col- 
limated switch geometries. 
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While the above embodiments of the present inven- 
tion utilized a one dimensional array of output fib rs, it 
will be apparent to those skilled in the art that a switch 
according to the present invention may be constructed 
utilizing a two dimensional array or bundle of output fib- 
ers. In this case, actuator 230 shown in Figure 7 must 
be capable of moving the input fiber in two dimensions 
as opposed to the simple one dimensional motion indi- 
cated in the figure. 

When the number of "encoding fibers" is large, the 
geometrical arrangement of the fibers becomes more 
complicated. An embodiment of an encoder according 
to the present invention that avoids this problem is 
shown in Figure 8 at 300. Encoder 300 is shown in con- 
junction with a switch for coupling light from an input fib- 
er 301 to a selected one of a plurality of output fibers 
303-31 0 under the control of an actuator 330. The output 
fibers are carried on carriage 311 and the input fiber is 
coupled to carriage 312. 

The encoder is implemented utilizing an encoding 
fiber 302 and plurality of reflectors 343. The surface of 
each reflector is positioned and shaped such that tight 
leaving encoding fiber 302 and striking the reflector will 
be re-imaged onto the core of encoding fiber 302 when 
encoding fiber 302 is properly aligned with the reflector. 
It should be noted that the orientation of the reflectors 
with respect to encoding fiber 302 must take into ac- 
count the angle at which the end of encoding fiber 302 
has been cut if the above described anti-reflection 
scheme is utilized on encoding fiber 302. Light is input 
to encoding fiber 302 by an LED or similar light source. 
The light re-imaged into encoding fiber 302 is routed to 
a detector with the aid of coupler 340. 

While the above described embodiments of the 
present invention have been discussed in terms of sin- 
gle mode optical fibers, it will be apparent to those skilled 
in the art that the present invention is also applicable to 
multi-mode optical fibers, since the tolerances required 
for the alignment of such fibers are significantly less than 
those required for single mode optical fibers. 

Various modifications to the present invention will 
become apparent to those skilled in the art from the fore- 
going description and accompanying drawings. Accord- 
ingly, the present invention is to be limited solely by the 
scope of the following claims. 



Claims 

1. Aswitch[100,200, 300] for selectively coupling light 
from an input optical fiber[106, 201, 301] to a se- 
lected one of a plurality of output optical fibers 
[108-110, 203-206, 303-310], said switch compris- 
ing: a first carriage[21 2, 31 2]having one end of said 
input optical fiber[106, 201, 301] attached thereto; 
a second carriage[21 1 , 31 1 ] having said output op- 
tical fibers[108-110, 203-206, 303-310] attached 
thereto such that one end of each said output optical 



fiber[108-110, 203-206, 303-310] lies between first 
and second distances with respect to said end of 
said input optical fiber[1 06. 20 1 , 301 ] when said out- 
put optical fiber[108-110, 203-206 : 303-310] is 

s aligned with said input optical fiber[106, 201 , 301]; 
a lens[134, 132] for imaging light leaving said input 
optical fiber[106, 201, 301] onto a plane lying be- 
tween said first and second distances from said end 
of said input optical fiber[106, 201, 301], said lens 

io [1 34, 1 32] being fixed in position relative to said end 
of said input optical fiber[106, 201, 301]. 

2. The switch[100, 200, 300] of Claim 1 further com- 
prising: an encoding input optical fiber[202, 302] 

15 having one end attached to said first carriage; and 
an encoding output optical fiber having an end at- 
tached to said second carriage, said encoding input 
optical fiber[202, 302] and encoding output optical 
fiber being positioned such that light leaving said 

20 encoding input optical fiber[202, 302] will be re- 
ceived by said encoding output optical fiber when 
said first and second carriages are in a specific spa- 
tial relationship, said encoding output optical fiber 
being of the same mode type as said input optical 

25 fiber[106, 201, 301]. 

3. The switch[100, 200, 300] of Claim 1 further com- 
prising: an encoding input optical fiber[202, 302] 
having one end attached to said first carriage[212, 

30 312]; and a reflector[343] attached to said second 
carriage[21 1, 311], said reflecton[343] being shaped 
and positioned such that light leaving said end of 
said encoding input optical fiber[202, 302] is imaged 
back into said end of said encoding input optical fib- 

35 er[202, 302] when said first and second carriages 
are in a specific spatial relationship. 

4. The switch[100, 200, 300] of Claim 2 wherein said 
input and output optical fibers[108-110, 203-206, 

40 303-310] are single mode optical fibers. 

5. The switch[100, 200, 300] of Claim 3 wherein said 
input optical fiber is a single mode optical fiber. 

45 6. An encoder for detecting the alignment of a first car- 
riage [212, 312]with a second carriage [211, 311], 
said encoder comprising: an encoding input optical 
fiber[202, 302] having one end attached to said first 
carriage [212, 312]; and an encoding output optical 

50 fiber [208-21 0] having an end attached to said sec- 
ond carriage [21 1 , 311], said encoding input optical 
fiber [202, 302] and encoding output optical fiber 
[208-210] being positioned such that light leaving 
said encoding input optical fiber [202, 302] will be 

55 received by said encoding output optical fiber 
[208-210] wh n said first and second carriages are 
in a specific spatial relationship. 
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An encoder as claimed in claim 6, wherein the en- 
coding input and output optical fibers are single 
mode optical fibers. 

An encoder for detecting the alignment of a first car- s 
riage [212, 312] with a second carriage [211, 311], 
said encoder comprising: an encoding input optical 
fiber [202, 302] having one end attached to said first 
carriage [212, 312], said encoding input optical fiber 
[202, 302] being a single mode optical fiber; and a io 
reflector [343] attached to said second carriage 
[211,311], said reflector [343] being shaped and po- 
sitioned such that light leaving said end of said en- 
coding input optical fiber [202, 302] is imaged back 
into said end of said encoding input optical fiber is 
[202, 302] when said first and second carriages are 
in a specific spatial relationship. 



20 



25 



30 



35 



40 



45 



SO 



55 



NSDOCID: <EP 075141 5A2_I_> 



6 



EP0 751 415 A2 



CN 

CN 



CO 
CN 



CN 



SO 
CN 



^ 



5 etf 
O g 

An 



CN 



oo 

CN 



O 
CN 



CN 



CO 



NO 



h V, 



a- - - — L r 

< oo ^ |_ 

O - 



J? S <n 

& 2 



-62 
* o 

E 2 



7 



EP0 751 415 A2 




NSDOCID: <EP 0751415A2J_> 



8 



EP0 751 415 A2 




9 



EP0 751 415 A2 



o 
o 

CM 



\ 



rr 

o 

V 



3 


t; co 






i 




CO 














o 

CM 



W C co 

Q ? «; 
o w 
8 g £9 
go*. 




t— • «; 

D w — 

§ i s ® 

CO 



NSDOCia <EP 0751415A2_I_> 



10 



EP0 751 415 A2 



3gs 

oo o 




O 
H 

uj 
H 
(X) 
Q 



11 



IJJb 




(19) 



J 



Europaisch s Patentamt 
Europ an Pat nt Off! e 
Office europeen des br vets 



(12) 



(11) EP 0 751 415 A3 

EUROPEAN PATENT APPLICATION 



/ QQ\ Plato r*f r\t iKIi^satirsn AQ- 
^ooj uaixi KJi puunociiiuri MO. 

no Q4 1997 Bulletin 1QQ7/14 

/ riato nf ni iHli/»ati/-iri AO* 

OO HI 1QQ7 Rullotin 1QQ7/ni 

(00\ Plato r\\ filinn- 1A OA 1QQC 


(51) IntCI. 6 : UU2b 2o/U2, CaUl U 5/26, 
G02B 6/32 


(84) Designated Contracting States: 


• Schubert, Karl 


DE FR GB 


Healdsburg, California 95448 (US) 




• Salomaa, Karl 


(30) Priority: 28.06.1995 US 497497 


Jenner, California 95450 (US) 




• Carey, Kent W. 


(71) Applicant: Hewlett-Packard Company 


Palo Alto, California 94301-3029 (US) 


Palo Alto, California 94304 (US) 






(74) Representative: Williams, John Francis et al 


(72) Inventors: 


WILLIAMS, POWELL & ASSOCIATES 


• Yang, Long 


34 Tavistock Street 


Union City, California 94587 (US) 


London WC2E 7PB (GB) 


• Trott, Gary R. 




San Mateo, California 94402 (US) 





CO 

< 

in 



in 
o 

Q. 
LU 



(54) Mechanical fiber optic switch 

(57) A switch[100, 200 : 300] for selectively coupling 
light from an input optical fiber[106, 201,301] to a se- 
lected one of a plurality of output optical fibers[1 08-1 1 0, 
203-206, 303-310]. The switch[100, 200, 300] includes 
a first carriage[212, 312]having one end of the input op- 
tical fiber attached thereto and a second carriage [211, 
311]having the output optical fibers[108-110, 203-206, 
303-310] attached thereto such that one end of each of 
the output optical fiber lies between first and second dis- 
tances with respect to the end of the input optical fiber 
[106, 201, 301] when the output optical fiber is aligned 
with the input optical fiber[106, 201, 301]. A lens[134, 
1 32] that is fixed with respect to the end of the input op- 
tical fiber[106, 201, 301] images light leaving the input 
optical fiberpoe, 201, 301] onto a plane lying between 
the first and second distances from the end of the input 
optical fiber[106, 201, 301]. In one embodiment of the 
present invention, an encoder is integrated into the first 
and second carriages. The encoder includes an encod- 
ing input optical fiber[202, 302] having one end attached 
to the first carriage[21 2, 31 2], the encoding input optical 
fiber[202, 302] being a single mode optical fiber. Light 
leaving the encoder is received by a second single mode 
optical fiber when the carriages are in a specified rela- 
tionship to one another. The second single mode optical 
fiber can either be a fiber on the second carriage[21 1 , 
31 1 ]or encoding input optical fiber[202, 302] itself. In the 
later case, the second carriage[211 , 311 ]includes a r - 



flector which images the light from the encoding input 
optical fiber[202, 302] back into the encoding input op- 
tical fiber[202, 302]. 
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LACK OF UNITY OF INVENTION 



The Search Division considers that the present European patent application does not 
comply with the requirement of unity of invention and relates to several inventions 
namely: ' 

1. Claims 1 to 5: 
Mechanical fiber optic switch 

2. Claims 6 to 8: 
Encoder 

The subject matter of the Cfairpg 1 tQ 5 relates to an optical switch with reduced alignment 
tolerances relative to conventional butt-coupled switches and with less components 
compared with the prior art "collimated switch". The other subject matter of claims 6 to ft 
on the contrary, deals with an optical encoder for detecting the alignment of a first carriage 
with respect to a second carriage. It is straightforwardly evident that neither the structure 
itself nor the object of the other subject matter has something in common with the optical 
switch according to the claims 1 to 5. 
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